effects the measurement. This potential complication was assumed to be overcome by calibration procedures developed by the X-ray analyst community. Extensive works were devoted to understanding detector operation and developing simulations. Still, there are reasons to be careful. If we look at the literature we see strong contradictions everywhere. For example, solid-state detectors were used to measure the endpoint of beta decays of radio nuclei, and the investigators supposedly found evidence of the existence of a 17 keV neutrino. 1 Although all the so-called evidence can be explained using straightforward detector properties and principles, that such conclusions were reached shows that publications on detector systems are controlled and limited, or perhaps are not well understood even at the leading edge of research.
One of the simplest measurements is a measurement of the angular distribution or angular correlations of X-rays. A photon, or charged particle beam strikes a target and X-rays are emitted and counted by detectors positioned at various locations on the surface of a sphere. With a thin target this should be a simple experiment, as only relative and not absolute measurements need to be performed. The absorptions and detector efficiency need not be determined as they are the same at all the angles where the measurements are made. The question is simple: do the X-rays have large, small or no angular distribution? Yet it has not been resolved. The results of measurements can be sorted into two groups, with one group suggesting a very small angular distribution, [2] [3] [4] while the other group suggests very large angular distributions. 5, 6 Even more troublesome is the fact that the results of many simple measurements contradict parity and angular momentum conservation. 7 Although in the present day we see the beginnings of a new revolutionary time in physics, it is probably safe to assume that parity and angular momentum conservation will remain quite accurate for ordinary X-ray transitions.
In analytical techniques like PIXE (proton induced X-ray emission) or XRF (X-ray fluorescence) the ionization crosssections or X-ray production cross sections are ingredients for the analysis. There is surprisingly large scatter in these data, 8 a clear indication of methodological problems. Different investigators reach different results. Although the individual measurements are presumed accurate within a few per cent, the overall scatter in the data is occasionally more than a factor of three.
In X-ray analytical techniques the mass absorption coefficient is another important parameter. This widely used parameter was calculated in the relativistic Hartree-Slater (RHS) model. Extensive measurements made by Jitschin and coworkers [9] [10] [11] found significant deviations from the RHS predictions. This was not entirely unexpected as the theoretical model, that includes the perturbation from the external field, could successfully account for the experimental data. Other recent measurements, however reported that the mass absorption coefficient does agree with the RHS calculation. 12 Again this is a very simple measurement, a reasonably well-known narrow energy distribution of X-rays ionizes the L3 shell thus creating only L3 X-rays. Then only the Lα intensity as a function of synchrotron beams energy needs to be measured. The point again here is that two groups each measured a few simple spectra and got different results. If we look at the results of such a simple measurement as the intensity ratio of two closely spaced lines like the Kβ and Kα we observe that the experimental data scatters substantially. We have to emphasize that we do not expect the real data to be in agreement with the calculation of Scofield. 13 We believe that these examples establish the need and demand for quality control, and quality assurance in the measurements.
Quality Control Issues
The quality of the spectrum can be judged from the line shape. The line shape is parameterized by the full widths at half maximum (FWHM) of a peak and the so-called low energy tailing. Figure 2 presents the response function of two Si(Li) detectors for the X-rays of 55 different approaches using the same letter F. Since statistical processes are involved in the creation of a signal, the event distribution can be characterized by the moments of the statistical distribution, and the first few moments have special names. The first moment is the mean. In our case it will correspond to the X-ray energy. We emphasize that it corresponds, but is not necessarily equal, as it depends on the type of statistical distribution. The second moment is the variance. In case of an X-ray spectrum it is frequently assumed that the peak has a Gaussian line shape; the FWHM of a Gaussian peak is related to the variance as FWHM = 2.35*(variance) 1/2 . The third moment is the symmetry or skewness (lack of symmetry). The fourth moment is the kurtosis, measures the extent to which a distribution is peaked or flat.
In the historical context of radiation detectors, Fano 14 was the first to calculate the variance over mean (VoM). Fano used a very elegant model for gas proportional counters. Assuming some very general properties of energetic electron impact ionization, he pointed out that momentum and energy conservation limit the phase space therefore the primary electron and the secondary electron cannot have all energies and directions independently available. If the primary electron goes in one direction with a given energy, then the secondary electron can only have the energy and momentum values allowed by the conservation laws. This limitation will yield a smaller VoM than would be the case if the constraints of the energy and momentum conservations were ignored. He denoted the VoM calculated by the use of the conservation law as F, and traditionally for gas proportional counters it is called the Fano factor. The VoM is important for many devices. For example in color television it is important to know the fluctuation of the number of photons, as the sharpness and color trueness of the picture depends on it. 15 Another very different definition of F 16 is the ratio of observed variance at a given energy to the expected variance of the Poisson distribution for the equivalent number of events. The Poisson distribution is an approximation for this case as it ignores energy conservation. Had the hand-waving argument, that at large numbers etc. been true, then there would be no need for the F factor as it would have a value of unity, since for a Poisson distribution the mean is equal to the variance. Furthermore the observed variance includes the measured value with a system which includes: the specific detector arrangements (information proprietary to the manufacturer), proprietary preamplifier, certain cable lengths, power supplies, signal processor having various user selectable parameters, and the investigator (human factor, responsible for ground loop elimination, microphonic reduction, noise environment selection, data treatment). If we look at the details of energy transfer in solid-state detectors, this last definition clearly has limited use.
We have developed a noise analyzer (Cambridge Scientific Noise Analyzer, and Detector System Analyzers) that can produce sixteen spectra simultaneously. One of the spectra is the average noise measure, allowing us to see how the noise associated with the electronics changes as a function of X-ray energy. We have studied several detectors from the same manufacturer and observed marked differences in the average noise as a function of X-ray energy as well as differences between the individual detectors.
Our results indicate ambiguities in the definition of F used in Ref. 16 . We have developed a statistical model, based on energy transport in the detector that suggests that the use of Poisson distribution is not adequate. In addition, literature data are sufficient to allow for a statistical analysis with results that do not support the above definition. 17 Recently an inter-comparison was made of analysis of the spectra measured at the laboratory of the International Atomic Energy Agency (IAEA). Four participating analytical software packages were used to evaluate the X-ray spectra. The analysis of those spectra was presented at the PIXE conference at Guelph. 18 There are several thin metal samples spectra, for which common energy scale could not be established. Fitting the spectra individually we obtained FWHM squared values at different energies and determined the linear regression parameters. The parameters suggest a rather poor detector performance. It is generally assumed that the FWHM 2 values have a first order polynomial form as a function of X-ray energy. Having done a linear regression analysis, we can plot the standard residual, presented in Fig. 3 , which clearly shows a three-sigma deviation. The probability of having a three-sigma deviation is 1%. In other words, the probability that these spectra are in accordance with the expected FWHM functional form is less than 1%. To account for this deviation we could assume that there was a changing noise environment, which was not handled consistently by the electronics. This possibility can be confirmed or rejected only if further information is provided dealing with how the constant and energy independent value of the electronic efficiency was substantiated. Or, perhaps, we have to assume that the only quality control measure generally available to analysts, namely the constancy of the line shape, is not a true or at least sufficient quality control measure. What then does provide a quality control measure?
The electronics used in the IAEA measurement had a two stage unique filter. Is the "unique" filter robust enough? How could that be assessed? The main problem is that, although the composite spectra were analyzed using four different programs with the results presented in a paper, the difficulty with the electronic setup was not commented upon by any of the participants in the inter-comparison.
Another characteristic of an X-ray spectrum which has frequently been studied is the low energy tailing. Two typical tailing types were reported in the literature. We present two spectra that were measured with two systems in Fig. 2 . Both spectra were measured with Si(Li) detectors. The better quality spectra as indicated by the lower tailing and better resolution (continuous line) was recently investigated and a well-739 ANALYTICAL SCIENCES JULY 2005, VOL. 21 Fig. 3 The FWHM 2 is expected to be a linear function of the energy, but the standard residual clearly indicates that the noise filter was not equally efficient over the entire energy range. Would this affect the relative line intensities across the spectral energy range? The inter-comparison data from IAEA was used to demonstrate that there are quality control challenges.
established explanation was offered. 19 Comparative spectra are presented. 20, 21 The majority of spectra in the literature are similar to the upper curve, with poorer resolution, an exponential tail and a flat plateau towards lower energies. Since the tail is part of the spectrum it has to be accounted for, and it is a frequent exercise to determine parameter values used to describe these features. One of the latest is the paper of Van Gisel et al. 22 They used a digital signal processor and a germanium detector. The spectra have a large amount of tailing reaching up to 100% of the peak area. Therefore it is desirable to take it into consideration, and account for it in the peak area. They have made a painstaking experimental work, and their results are typical of the field. The large number of X-ray events in the tailing and plateau is frequently blamed on the detector that is assumed to have excessive dead layers as well as incomplete charge collection layers. We consider this widely used approach an oversimplification, since the detector was not investigated separately from the electronics. In a later section we will offer an alternative explanation. Further troublesome observations are that the Kβ peak has much higher tailing, about five times higher, than the Kα peaks. This remains unexplained. One frequently offered explanation is the higher radiative Auger components of the Kβ peak relative to the Kα radiative Auger. The existence of radiative Auger transitions is well established, but they are much smaller in size. 23 However, if the tailing of a smaller intensity peak on the upper energy side of a taller peak is excessive then it is necessary to justify the manner in which the excessive counts are apportioned. Is it a high-energy tail of the lower energy more intense peak? Or is it a lower energy tail of the less intense peak?
This question has practical significance. For example, if the task is to determine nickel trace elements in an iron matrix, it is a significant issue to have a definite explanation as to the nature of these excess counts as they can greatly impact the quantification of the nickel that is present.
Recently a paper was published where the intensities of two X-ray lines were measured with two different detectors. 24 This gives a possibility of a direct comparison. There are two X-ray lines in a 1 keV neighborhood around 5 keV and 6 keV. The 5 keV X-ray line has the same intensity, but the 6 keV line is smaller in one of the detectors. Since both detector crystals are sufficiently thick to guaranty 100% efficiency, more than a factor of two deviation between the two peaks demands an explanation. Furthermore in other spectra the difference in the bromine line intensity makes the case even more confusing. This further points out the necessity for proper quality control measures.
Quality Assurance Solution with Digital Signal Processing
The above examples clearly indicate the need for quality control. When the VoM is calculated for solid-state detectors, as a function of energy, then the functional form can provide a first measure of how close the experimental resolution is to the expected one. Furthermore, if the line shape and the low energy tailing are close to those described in Ref. 19 which is expected from the basic physical operation of the detector, then we have a second measure. However, these measures would only relate to the events that the noise filtering and signal recognition algorithms or circuitry deemed to be acceptable. Some of the events are undesirable as they decrease the quality of the spectrum. Clearly the spectrum marked Si(Li) #1 in Fig. 2 is more desirable than that one marked Si(Li) #2. In an analytical situation it would provide an order of magnitude better limit of detection (LOD) in the tailing region below the main spectral lines. Above the Kα, Kβ, the Si(Li) #1 system with its better pile-up rejection is also superior to that of Si(Li) #2 as reduction of pile-up also results in better LODs in this region of the spectrum.
In general there could be noisy signals that would also be rejected by the system. Many systems employ rise time, pile up and various noise discriminators. The very existence of such discriminators indicates that some events are discriminated against. How many such events exist and what was their nature? Are the number of such events either energy or time dependent? These are the questions that need to be addressed.
The Cambridge Scientific CSX3 digital signal processor addresses these issues. It has several advancements over the CSX2, which already had several advantages in analytical measurements, reported in Ref. 21 including high throughput rate, good resolution, a well justified lineshape with reduced low energy tailing, reduced pile-up, and reduced nuclear background from high energy radiation. The CSX3 has further capabilities including: quality assurance, full control over the measurement, proper handling of the bucket effect, multilevel pile-up recognition, as well as allowing visualization of the impact of setup parameters. The CSX3 processor applies three criteria to the preamplifier signal to decide whether a recognized event qualifies as a good X-ray event, or should be identified as noise or a noisy event. The three criteria are based on rise time, pulse shape and noise discrimination.
To address the quality control issue, the CSX3 operates in three modes selectable by the user. In single spectrum mode one spectrum is generated an example of which is the one labelled Si(Li) #1 in Fig. 2 . In QA (quality assurance) mode two spectra are generated, the good spectrum of accepted events that have passed all criteria and the rejected events spectrum, as presented in Fig. 4 . At first glance it may be surprising that some of the events of Kα and Kβ of 55 Fe are also rejected but the numbers of rejected events that are designated not fully grown (NFG), or degraded, depend on the quality of the signal and the stringency of the requirements set by the discriminator levels. In any case, whether one has a good quality detector with few rejected events or a poorer quality detector with greater rejection of events it is important to know the magnitude of the rejected events. Later in the present paper we will examine in detail what properties of these events caused them to be 740 ANALYTICAL SCIENCES JULY 2005, VOL. 21 Fig. 4 The 55 Fe spectrum measured with a Si(Li) detector and with CSX3 digital processor in Quality Assurance mode. In this mode two spectra are created, the first one is the accepted spectrum meeting the requirements set by the user. The second spectrum is the rejected spectrum. The two spectra together represent all detected events.
rejected. With much less stringent parameter settings they would not have been rejected but would have appeared in the first spectrum, causing greatly increased tailing.
The ratio of the good events to the total events (good + rejected) as a function of energy also provides a measure of the energy dependence of the electronic efficiency for the particular parameter set being used. It is important to note that changing detector characteristics, time dependent environmental noise and even the parameter values in use by the signal processor all have an effect on the electronic efficiency. The inclusion of a rejected events spectrum allows the user to monitor the system noise level as well as the appropriateness of the discriminator settings on a spectrum-by-spectrum basis. In addition, to assist in the setup of the discriminator levels (noise, shape and risetime) the CSX3 can create four additional spectra.
The additional four spectra, which are provided in full report mode, allow easy determination of the optimum parameter values. Many linear amplifiers or signal processors have a protocol to use a screwdriver to set up the parameters of the noise filter. However, the effect that has on the spectrum is unknown. We offer the four additional spectra to allow fast, efficient and reliable determination of the optimum parameters. This mode can be used for all measurements if the user wants to monitor the effects of the various discriminator settings at all times.
Generally there are events with higher energy than the energy range of the spectrum selected by the user. The number of such events can be important especially as to whether statistical corrections for the "bucket effect" need be applied to the electronic efficiency. Although the CSX3 allows the user to employ a method to alleviate the bucket effect the last channel of each spectrum also contains the number of higher energy Xrays outside the selected energy range. In Fig. 4 the rejected event spectrum has large number of events in the last channel. The fact that these events are in the rejected event spectrum and not the accepted event spectrum indicates that these events are not regular X-rays above the energy range of the spectrum but were likely nuclear background events originating from high energy gamma rays from the 55 Fe source that could not pass the discrimination criteria.
We were puzzled why the detector response functions are so markedly different for the detectors made by different companies. Specifically the detector we frequently use was known to have an excellent line shape, because of the special surface treatment of the detector crystal. The spectra of Figs. 4 and 5 may indicate an alternative explanation. We measured the spectra simultaneously with the company's own analog processor. With careful selection of parameters we could achieve a better line shape and a better resolution with the same throughput rate, despite not having rejected more events than the analog processor. This was a surprising observation, as we were frequently told that the analog processor processes all the events. However, if we take a look at the rejected event spectrum of Fig. 4 we see that there is a large flat plateau below the peaks. If we were to add the rejected events to the accepted event spectrum the overall spectrum would have a similar sized plateau as that shown as the poorer spectrum (labeled Si(Li) #2) in Fig. 2 . The CSX3 allows clarification of this issue by judicious use of the signal recognition parameter. This parameter indicates the minimum necessary event amplitude to begin signal processing only after which will the algorithm sort them into good or bad events based on the discriminator settings. If we raise this level to about 200 eV, then the signals that correspond to a smaller energy will not initiate analysis. Such a measurement is presented in Fig. 5 . The accepted or good spectrum is the same above 200 eV, but the rejected event spectrum has much fewer events. Therefore, it can be concluded that the difference originates from the pile-up of low energy noise preceding the X-ray events. Thus it seems reasonable to assume that the plateau that is used in the Hypermet function at least partly originates from the unrecognized pile up events with low energy noise. It clearly cautions one to be careful before assigning the plateau's origin to dead layers as has been done in the past.
The availability of the rejected event spectrum has the following main significance. If the peak ratios in the rejected spectrum differ from those in the accepted spectrum then it indicates that the signal recognition parameters need to be adjusted or a correction factor to the electronic efficiency needs to be established. The rejected spectrum used in conjunction with the accepted spectrum allows a measure of the electronic efficiency for any given spectrum. The user can be confident that the electronic efficiency measured in this manner is valid for the given spectrum regardless of time dependent noise or the given parameter settings. Furthermore, analysis of the rejected event spectrum allows a refinement to the input rate calculation. For instance in the spectra presented here, the events in the rejected spectrum up to the Kα, Kβ, are single pile-up with the noise, therefore should be accounted as single rejected events. Between the Kα, Kβ to the end of the Kα, Kα pile-up, they are Kα, Kβ pile-up with Kα, Kβ and should be counted as two events. From the Kβ pile-up to the Kβ double pile-up, as triple events and so on. In addition, if there is significant number of events in the last channel, a measurement with lower gain setting, an input parameter to the CSX3, might be desirable to obtain some information about the higher energy events.
Noise Considerations
In the development of our CSX3 processor we have created additional testing equipment to guide us in product testing and verification.
The Cambridge Scientific Noise Analyzer generates 16 spectra from the same input signal. One of the spectra provides an average noise measure of the preamplifier signal. The noise analyzer indicates that the noise is not constant but instead is a function of the X-ray energy. This dependence was found to be different for the different detectors. A minimum requirement for a signal processor is that the 741 ANALYTICAL SCIENCES JULY 2005, VOL. 21 Fig. 5 The same spectrum measured with a different setup (see text for detail). The rejected spectrum is markedly different than in Fig.  4 . The comparison of the two rejected spectra suggests that the high flat plateau region below the peak that is typically modelled by the Hypermet function is associated with pile up with low-energy noise events. electronic efficiency be known or at least constant across the energy range of the spectrum. The constancy requirement can be met if the rejected events are in the same proportion to the input events throughout the X-ray energy range, independent of the energy. The CSX3 signal processor allows the user to inspect and verify that this requirement is fulfilled via offering a simultaneous recording of both accepted and rejected events spectra.
Here we present a few examples of how the line shape can change with the selection of different levels of noise discrimination. Figure 6 shows a case where the noise discriminator level was set to a high value letting most non pileup events pass into the accepted events spectrum. The dashed line is the rejected spectrum, and the continuous line is the accepted spectrum. There is a dip in the rejected spectrum on the low energy side of the Kα peak, indicating that fewer events were rejected in this region, which shows up in the accepted spectrum as enhanced tailing. In the literature it is generally believed that this tail region originates from a detector dead layer. In this measurement the rise time discrimination was set to 300 nanoseconds so that any signal with a longer rise time would be rejected. The rejection in this region was not triggered by the rise time discrimination and therefore it probably does not originate from a dead layer but rather from the preamplifier. It is important to note its sharp energy dependence. Such a significant dip is not visible in the Kβ line. This could be an indication of a slight Kβ/Kα intensity ratio change. We have to stress that this measurement was made on an excellent detector. The majority of detectors are much less excellent. In Fig. 7 the rejected spectrum has the expected appearance, indicating that the noise discrimination level has been properly chosen while in Fig. 8 we observe that a more stringent noise discrimination level results in some Kα and Kβ events being rejected. This extra rejection results in a better line shape as the Kα and Kβ peaks' centroids are shifted in the rejected spectrum compared to the accepted spectrum. Therefore it can be advantageous not to include these events in the spectrum. However, for quality control it must be known how many such events were rejected and what is the difference between the Kα and Kβ in the rejected spectrum in comparison to the accepted spectrum.
Application Advantages
The ability to see a spectrum of rejected events is imperative for quality assurance purposes. It is also desirable for scientific honesty. As we have seen in the previous section, it can give a dramatic new view into the origin of the response function. This capability was demonstrated in Ref. 19 . We have found that many processors produce ghost peaks. 21 With the CSX3 processor ghost peaks that show up in the accepted spectrum would show as a corresponding dip in the rejected spectrum indicating that the noise discrimination level has not been properly set.
X-ray detectors are frequently applied to measurements in the presence of nuclear background. We present the reduced background in Fig. 9 , where a 65 Zn source X-rays excited an Fe metal foil. The experiment was carried out using a Si(Li) detector (25 mm 2 × 3 mm) with its analog signal processor and the CSX3 digital signal processor developed at Cambridge Scientific in Canada. The two processors analyzed the same input signal simultaneously. The CSX3 processor makes a significant background reduction relative to the analog processor. The rejected spectrum of the CSX3, not shown here 742 ANALYTICAL SCIENCES JULY 2005, VOL. 21
Fig . 6 The rejected spectrum plotted over the accepted spectrum for the 55 Fe source. Here the noise discriminator was set to a high value and some of the tailing of the Kα was not rejected. Since the different energy peaks have different associated average noise levels the intensity ratios will be slightly altered. Therefore the noise discriminators were not matched properly to this detector, or the noise environment is very different than it was when the noise discriminators were set. However, even at this level the rejection, in the region between the Kα and Kβ peaks the rejection of the pile-up of Kα events with the low energy noise greatly reduces the extra low energy tailing that has often been associated with the Kβ peak. The rejected spectrum allows easy monitoring of each measurement. properly set so that the rejection of events in the neighborhood of each peak seems uniform. Fig. 8 Same as Fig. 6 , but the noise discriminators were set to a lower value. There are rejected Kα and Kβ events. These rejected events belong to a high-energy tail and their exclusion will yield a better lineshape. The rejected spectrum will indicate how much of each peak has been rejected and thus provides a ready measure of the electronic efficiency.
for brevity, implies that the state of the art analog processor has already rejected significant gamma ray background. The CSX3, however, is even more effective at discriminating against such events.
The reduction of nuclear background in X-ray measurements can reduce the limit of detection, or improve the accuracy of basic physics measurements. We have observed almost an order of magnitude reduction in components of the spectral background, compared with previous systems. It was quite a surprise to see the rejected spectra of such a commonly used sources as 109 Cd, 133 Ba, and 241 Am.
Another crucial issue is the pile-up. For example if someone is interested in lead contamination in biological samples, then pile-up can cause significant concerns. Frequently there is significant iron in the sample and the iron Kα and Kβ pile-up overlaps with Pb L X-rays and therefore limits the sensitivity. In Fig. 10 we show the comparison with the state of the art analog processor. The spectrum having the lower pile-up was obtained with the CSX3 digital processor. The detailed pile-up reduction capability as a function of throughput rate is presented in Ref. 21 . The versatile setting of the processor allows more enhanced pile-up reduction. The pile-up part of the previous spectrum is presented in Fig. 11 . The two upper curves are the same as in Fig. 10 . The lower curve, which demonstrates a 40-fold reduction in pile-up relative to the analog processor, was obtained with the CSX3 optimized to reduce the Mn pile-up. Therefore the limit of detection for overlapping peaks, like lead would improve more than a factor of forty. This opens up new application opportunities.
Conclusions
We have described some problems with X-ray detection. To our surprise many of these problems can be traced back to the signal processing electronics. The digital signal processor based CSX3 can surpass the state of the art analog processor, even offering significant improvements. Measurements with the CSX3 signal processor suggest that a significant part of the flat plateau modeled by the Hypermet function originates from noise pileup as opposed to dead layers. The excellent resolution and line shape, the efficient recognition of pile-up and rejection of high-energy gamma ray background means improved reliability of the measurements, reduced measuring and data analysis time, and improved limits of detection for trace elements in these regions. The rejected event spectra are mandatory for quality assurance. These improvements have already resulted in research projects to re-measure CosterKronig transition probabilities, fluorescence yields, and crosssections. Indeed the recent compilations 27 suggest a need for such experiments. Zn source X-rays excited an Fe metal foil absorber. The preamplifier signal was split and fed simultaneously to the detector's analog processor (dotted line) and to our digital processor (CSX3 continuous line). The CSX3 processor makes significant background rejection compared to the state of the art analog processor. Similar reduction was observed for the electron bremsstrahlung background in EPMA (electron probe microanalyses). Fig. 10 A high quality state of the art Si(Li) detector was used to detect the spectrum of an 55 Fe source. The preamplifier signal was split and fed to the the analog processor and to our digital processor. The lower pile-up signal belongs to the digital processor. We have made an improvement of a factor of 8 in pile-up rejection. The measurements were made at 40 microseconds shaping time and 3500 cps input rate. As we have seen some digital processors can outperform the state of the art analog processor. Recalling the example from the introduction, we note that transistor radios often had written on them the number of transistors they had. But having transistors alone did not guarantee HiFi, or that all receivers were of equal quality. It is similar with signal processors. Our message differs from all previous investigators, as we declare that the signal processor DOES modify the spectra as confirmed by experiments. We recommend the reader look at the spectra presented in the literature [19] [20] [21] [22] [24] [25] [26] to see the large variations.
We have presented many of these advances at two recent analytical conferences. We were asked what the user could do with existing equipment (prior to the CSX3 with its rejected spectrum capabilities) to help ensure quality measurements. The answer of course is that in any potentially time-dependent noisy environment the analyst can never be entirely sure of any given measurement. One can do all the proper manufacturer suggested calibrations for the processor before the measurement, use several sources with known relative line intensities spanning the spectral range of interest to help ensure that the electronic efficiency is flat or at minimum measurable and still not know what will happen in the spectrum if the noise changes. We can, however, suggest some good practices. If an ADC unit is used with an analog or a so-called digital processor that reconverts the signal to analog for presentation to an ADC, then it is a bad practice to use the lower level discriminator (LLD). The LLD is frequently used to cut out the low energy noise signals because they would overwhelm the ADC. If the noise is there it has already overwhelmed the signal processor and the spectra. The noise pile-up will be huge with each peak. It is better to find the source of the noise even though this is a painstaking unrewarding and frequently unsuccessful exercise. Some processors generate a zero strobe signal. We have seen that in analytical laboratories, and even in metrology institutes that this part of the signal was cut off from the spectrum. We have to admit we did it also a decade ago, because otherwise we could not get any spectrum. Kendiah, whose pioneering work 29 improved X-ray detection substantially, commented on this approach in the following way; "Would you like to use a ruler to measure distances accurately when the beginning of the ruler is chopped off?" We should not use chopped off rulers: we would recommend that spectra in publications should be presented from channel zero. Sometimes this zero channel actually turns out to be at negative energy but authors should not be scared of this as the energy calibration of solid-state detectors is not supposed to be a precisely linear function. That would violate energy conservation.
The CSX3 digital signal processor with its simultaneous recording of the accepted and rejected event spectra obviates the need for several of these practices as the combination of the two spectra gives the opportunity for quantitative and traceable work where the impact of noise is directly documented.
However, as mentioned above, not all digital signal processors are created equal. The idea of a true digital signal processor should be to digitize the signal as early as possible and process it digitally, establishing the energy value of the event. Many socalled digital signal processor systems are actually hybrid systems combining some digital processing with analog signal processing with their output connected to an ADC (analog digital converter) for binning into channels. In many cases this will result in added system noise.
In summary the CSX3 digital processor is a stand-alone unit. It takes the nearly raw pre-amplifier signal, converts it to a digital stream, processes this stream into a series of events collected in a spectrum in its own memory and interfaces to computers via the serial or USB port, to communicate with the user. It can be disconnected from the computer, and at some later time connected to download the spectrum. The CSX3 introduces several enhancements over existing analog and digital systems, including better throughput, equal or better resolution, better pile-up and nuclear background event recognition and rejection, and reduced electron bremsstrahlung background in EPMA (electron probe microanalysis). However, the most important enhancement over existing systems is its simultaneous recording of both the accepted and rejected event spectra that allows some degree of assurance of the quality of the measured spectrum.
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